The accumulation of acetylcholine receptors (AChRs) at nerve terminals is critical for signal transmission at the neuromuscular junction, and rapsyn is essential for this process. Previous studies suggest that AChRs might direct rapsyn self-clusters to the synapse. In vivo experiments with fluorescently tagged AChR or rapsyn in zebrafish larvae revealed that rapsyn self-clusters separate from AChRs did not exist before synapse formation. Examination of rapsyn in the AChR-less mutant sofa potato revealed that rapsyn in the absence of AChR was localized in the Golgi complex. Expression of muscle-type AChR in sofa potato restored synaptic clustering of rapsyn, while neuronal type AChR had no effect. To determine whether this requirement of protein interaction is reciprocal, we examined the mutant twitch once, which has a missense mutation in rapsyn. While the AChRs distributed nonsynaptically on the plasma membrane in twitch once, mutant rapsyn was retained in the Golgi complex. We conclude that AChRs enable the transport of rapsyn from the Golgi complex to the plasma membrane through a molecule-specific interaction.
Introduction
Neuromuscular junctions (NMJs) have historically provided a framework for studying synapse formation in the nervous system (Sanes and Lichtman, 2001) . Molecules involved in NMJ formation include MuSK (DeChiara et al., 1996) , rapsyn (Burden, 1985) , agrin (Reist et al., 1992) , dok-7 (Okada et al., 2006) , and lrp4 (Kim et al., 2008) . The mechanism of their interaction, however, remains unresolved. Zebrafish larvae provide an excellent system to observe synapse formation in vivo (Lefebvre et al., 2007) , due to their transparent body and rapid, ex utero development. At 1 d post-fertilization (dpf), focal synapses (FS) form in the center of individual muscle cells. As the embryo matures, nonfocal synapses (NFS) develop, which are distributed in multiple locations of a single cell, including the myotendinous edge. Studies using MuSK mutants and morpholinos against Wnt signaling molecules show that FSs depend on Wnt-MuSK signaling (Jing et al., 2009 ). Thus, the molecular signaling cascade in FSs is similar to that of mammalian NMJs.
Among factors involved in the formation of NMJs, acetylcholine receptors (AChRs) were initially considered passive players, receiving directions from upstream molecules in the signaling cascade. However, studies with zebrafish suggest that AChRs localize rapsyn to the synapse (Ono et al., 2001 (Ono et al., , 2004 . In a zebrafish mutant sofa potato, which harbors a mutation in the AChR ␦ subunit, AChR pentamers fail to reach the plasma membrane of myocytes. In these mutants, rapsyn clusters were absent at the synapse. When wild-type ␦ subunit was expressed in mutant muscle cells, the synaptic localization of rapsyn was restored. Active roles of AChRs in synapse formation have also been proposed for other systems, including cultured myotubes (Marangi et al., 2001; Bruneau et al., 2008) , C. elegans (Gally et al., 2004) , and AChR ␣1 subunit knock-out mouse . Initial self-clustering of rapsyn, in contrast, is supposed to occur independent from AChRs. When expressed in fibroblasts without cotransfection of AChRs, rapsyn self-clusters were observed (Phillips et al., 1991a; Apel et al., 1995) . In sofa potato zebrafish, clusters of exogenously introduced rapsyn-GFP were observed extrasynaptically (Ono et al., 2001) . We therefore hypothesized that in the process of synapse formation, rapsyn self-clusters initially form separate from AChRs, and AChRs localize them to the synapse. To examine this hypothesis, we used stable zebrafish transgenic lines that express AChR or rapsyn, each tagged with fluorescent molecules, and performed time-lapse analysis of synapse formation in wild-type or NMJ mutant backgrounds.
Materials and Methods
Zebrafish. All adult fish were maintained in stand-alone, self-circulating systems (Aquatic Habitats and Tecniplast) following the guidelines of the Institutional Animal Care and Use Committee at NIH/NIAAA. Embryos obtained from crosses of male and female adults were reared and maintained at 28°C. The mutant lines of sofa potato and twitch once, sop tj19d , and two th26e , respectively, were described previously (Granato et al., 1996; Ono et al., 2002 Ono et al., , 2004 . Larvae were used for experiments at stages before their sex was determined.
To observe synapse development in vivo, we used three lines of transgenic zebrafish (Fig. 1 A) . Muscle cells of a stable fish line tg(␣-actin: ␦2YFP) (Epley et al., 2008) expressed AChR ␦ subunit tagged with YFP. The chimera subunit forms pentamers with other AChR subunits. Pen-tamers containing the AChR␦-YFP subunit were functional with regard to the protein interaction and the channel gating. Two lines were newly established for this study. tg (␣-actin:rapsynCFP) expressed rapsyn conjugated with CFP in muscle cells, and tg(HuC:mCherry) expressed mCherry in all neurons. Hereafter, tg , tg (␣-actin:rapsynCFP) , and tg(HuC:mCherry) will be referred to as AChR␦-YFP, rapsyn-CFP, and HuC-mCherry, respectively. In addition, tg(␣-actin:␣7-YFP) was also established (see Fig. 5B ). The zebrafish ␣-actin promoter drove the expression of ␣7-YFP, which was based on the rat ␣7 gene (Séguéla et al., 1993) and had an insertion of YFP in the III-IV cytoplasmic loop.
Transgenes were placed in plasmids containing megalinker recognition sequences or Tol2 sequences, and clones were verified by sequencing. Injection of DNA constructs with Meganuclease or transposase into fertilized zebrafish eggs at 1 cell stage was performed as previously described (Ikenaga et al., 2011) . Injected embryos were raised to adult and out-crossed to search for germ-line transmission using an Olympus MVX fluorescent stereomicroscope. Embryos used for imaging were heterozygous for a particular transgene. Multiple stable lines were established for each clone. Synapses observed by fluorescence were not qualitatively different between lines. As discussed in the results section, the amount of transgene expression affected the distribution of its product. Even in a single batch of larvae, the expression level of a transgene was variable. Therefore, we generally selected embryos with the lowest expression level. Stable lines were crossed to generate embryos expressing transgenes in the background of wildtype, sofa potato, or twitch once.
For stochastic expression of rapsyn, two genes were inserted in a plasmid (see Fig. 6 ). The first gene was EGFP driven by the CMV promoter, and the second was the zebrafish rapsyn gene driven by the zebrafish ␣-actin promoter.
Confocal imaging. All images were taken on the Zeiss LSM510 Meta Confocal microscope (Carl Zeiss Microimaging) with a 40ϫ C-Apo objective (NA 1.2) and analyzed in Photoshop (Adobe Systems). For time-lapse imaging, an embryo was anesthetized in egg water containing 0.1 g/L MS-222 (Tricaine methanesulfonate; Sigma) for 10 min before being transferred to a glass-bottom dish. The embryo was observed for 30 min with a Zeiss LSM510Meta Confocal microscope. After observation, the embryo was transferred to MS-222-free egg water. After 1 h, the voluntary movement of embryos was confirmed before subjecting the embryo to the next round of confocal observation. To observe the same area of trunk throughout the time-lapse analysis, we imaged the ventral region of an identical body segment. By scanning through the whole depth of the ventral segment, we were able to identify corresponding areas between rounds of observations depending on the pattern of axon arbors and the muscle cell orientation. For confocal microscopy, rapsyn-CFP, AChR␦-YFP and HuC-mCherry were excited with 458, 514, and 561 nm laser lines, respectively. Bandpass filters of 465-510 nm and 520 -555 nm were used for the emission of CFP and YFP, respectively, and a longpass filter Ͼ576 nm for mCherry. Bleedthrough of signals between CFP and YFP signals with the used optical conditions was not observed (Fig. 1C) . Labeling of AChR with ␣-bungarotoxin was performed as previously described (Ono et al., 2001 ). Numbers of examined optical regions from multiple larvae are shown as n in the text, and representative images are shown in figures.
Immunostaining. A rabbit anti-rapsyn antibody (Abcam) raised against a synthetic peptide corresponding to the C terminal residues of human rapsyn was used. Antibody specificity for zebrafish rapsyn was confirmed in wild-type embryos, which displayed rapsyn clusters in middle regions of muscle cells (see Fig. 3A -D). Mouse anti-GM130 antibody (BD Biosciences) and anti-58K Golgi protein antibody (Abcam) were used to visualize the Golgi complex. GM130 is a 130 kDa cis-Golgi matrix protein homologous to the Golgi autoantigen golgin 95 (Fritzler et al., 1993; Nakamura et al., 1995) . 58K Golgi protein is located on the microtubule-binding outer surface of the Golgi complex (Bloom and Brashear, 1989) . mAb35 (Sigma-Aldrich) is a monoclonal antinicotinic Figure 1 . Fluorescence-visualized synaptic proteins. A, A schema of constructs to express CFP, YFP, and mCherry (left). Established stable lines were crossed so that a single larva expresses the three transgenes (right). The displayed larva (3 dpf) expressed rapsyn-CFP, AChR␦-YFP, and mCherry, and the fluorescence was visualized with corresponding filter cubes. Scale bar, 500 m. B, Using confocal microscopy, three signals overlapped in 3 dpf larvae. C, The larva shown in the top panels lacked AChR␦-YFP, and the larva in lower panels lackedrapsyn-CFP.Signalscorrespondingtothemissingtransgeneswereblank,showingthelackofsignalbleed-through.Scalebars:B,C, 50 m.
acetylcholine receptor antibody that recognizes ␣ subunits including ␣1 (Tzartos et al., 1981) . PDI is a protein disulfide isomerase, primarily located in the ER lumen (Ellgaard and Ruddock, 2005) . Mouse anti-PDI antibody was used as an ER marker (BD Biosciences).
Immunohistochemistry was performed as previously described, with slight modifications (Ono et al., 2001) . Briefly, embryos were anesthetized in 0.1 g/L MS-222, incubated in 4% PFA for 4 h at 4°C, and were stored in 100% methanol overnight. Heads were removed with a razor blade and embryos were washed with water for 2 min. For blocking, embryos were gently shaken in PBS containing 1% normal goat serum (NGS), 3% bovine serum albumin (BSA), and 0.1% Triton X-100 for 30 min, and then incubated in 1:200 rabbit anti-rapsyn antibody, mouse anti-GM130 antibody, or anti-58K Golgi protein antibody in PBS containing 1% NGS, 3% BSA, and 0.01% Triton X-100 overnight at 4°C. Embryos were washed in PBS containing 0.01% Triton X-100 (PBS-t) for 2 h, followed by incubation in 1:200 goat antirabbit or anti-mouse secondary antibody (Invitrogen). After washing in PBS-t for 2 h, samples were mounted on glass-covered dishes with Fluoromount-G (Southern Biotech) for imaging.
Results
Time lapse imaging of fluorescencetagged synaptic molecules at the NMJ To observe synapse development in vivo, we used three lines of transgenic zebrafish: AChR␦-YFP, rapsyn-CFP, and HuCmCherry. YFP, CFP, and mCherry signals visualize AChRs, rapsyns, and motor neuron axons, respectively. When three transgenes were expressed in a single embryo, fluorescent molecules overlapped in puncta in mature NMJs (n ϭ 10; Fig. 1 B) . A wide-field observation of these transgenic fish over several days of development displayed an overall pattern of synaptic type transition in agreement with previous studies (Flanagan-Steet et al., 2005; Panzer et al., 2006; Lefebvre et al., 2007) . Briefly, at 1 dpf, FSs predominate. As the development progresses, muscle cells in shallower layers start to develop NFSs. The distribution of AChR␦-YFP and rapsyn-CFP corroborated previous reports of NMJ formation and therefore validated our method of using fluorescence-tagged molecules. When larvae lacking the expression of YFP or CFP were observed, the channel corresponding to the missing transgene displayed a blank image, suggesting that signal bleed-through between channels did not occur with the optical conditions used (n ϭ 3; Fig. 1C ).
When FSs initially formed, AChR and rapsyn formed clusters before the arrival of neural terminals, as was reported previously in mammalian as well as zebrafish NMJs (Fig. 2) . Extending motor neuron axons later reached these preclusters. Therefore, the clustering of AChR and rapsyn visualized by tagged fluorescent molecules indeed represented initial stages of synapse formation. In this time frame, we examined whether we could observe rapsyn clusters before their association with AChRs. Contrary to our expectation, the timing of rapsyn-CFP cluster formation always coincided with that of AChR␦-YFP, and we did not observe rapsyn-CFP self-clusters without AChR␦-YFP in developing myocytes (n ϭ 8).
Rapsyn without AChRs were retained in the Golgi complex
Because we did not observe AChR-less rapsyn clusters in normal development, we examined whether we could observe rapsyn-CFP self-clusters in the AChR-less mutant, sofa potato. Sofa potato lacks expression of AChR on the muscle cell surface due to a missense mutation in the ␦ subunit (Ono et al., 2004) . Therefore, we examined rapsyn-CFP distribution in the sofa potato background. Unexpectedly, its distribution was diffuse on the plasma membrane and clustering was minimal at both 1 and 3 dpf (n ϭ 4; Fig. 3 E, G) . In contrast, rapsyn displayed an FS-like distribution at 1 dpf (Fig. 3A) and NFS-like distribution at 3 dpf (n ϭ 4; Fig. 3C ) in wild-type larvae, as expected. Suspecting that overexpression or addition of CFP to rapsyn may have disrupted the native distribution of rapsyn in sofa potato mutants, we visualized endogenous rapsyn with a rapsyn-specific antibody. In these larvae, small accumulations of rapsyn were observed (n ϭ 4; Fig.  3 F, H ) . Based on previous reports that rapsyn localized partially to the Golgi complex (Marchand et al., 2002; Gervásio and Phillips, 2005) , we examined whether these accumulations represent the Golgi complex by double staining with the Golgi-specific antibody GM130. The staining of rapsyn in sofa potato larvae overlapped with that of the GM130 (n ϭ 5; Fig. 4, left) . This result was further confirmed by using another Golgi marker, 58K Golgi (data not shown).
In sofa potato, AChR subunits other than the ␦ subunit; ␣1, ␤1b, ␥, and (Mongeon et al., 2011) are expected to remain at stages where their assembly is obstructed (Green and Millar, 1995). We examined the localization of AChR subunits using mAb35, which binds to the ␣1 subunit of the muscle nicotinic acetylcholine receptor. Most of mAb35 staining colocalized with ER-specific anti-PDI staining in sofa potato (n ϭ 3; Fig. 4, right) . Thus, the failure of assembly in sofa potato leads to the retention of AChR subunits in the ER, and rapsyn retained in the Golgi complex lacks interaction with AChR (see Fig. 9 ).
Recovery of rapsyn transport by expression of muscle-type AChR
Sofa potato mutants harbor a point mutation (L28P) near the N terminus of the AChR ␦ subunit, and muscle-specific expression of wild-type ␦ subunit tagged with YFP (␦2YFP) led to improved escape behavior (Epley et al., 2008) . To examine whether this process involves the recovery of rapsyn transport to the synapse, wild-type AChR␦-YFP was transiently introduced in sofa potato mutant larvae. In larvae displaying partial recovery of behavior, immunostaining was performed and rapsyn was localized on the plasma membrane in association with the AChR (n ϭ 3; Fig. 5A ).
To examine the specificity of AChR in the rapsyn transport, we expressed an AChR subunit not natively expressed in the muscle cell. ␣7 subunits are expressed widely in the CNS, and they form homopentamers without the need of additional subunits (Dani and Bertrand, 2007) . In sofa potato larvae expressing ␣7YFP, rapsyn failed to reach the plasma membrane even though ␣7YFP was found on the plasma membrane (n ϭ 3; Fig. 5B ). This result is in contrast to the heterologous expression of ␦2YFP in sofa potato (Fig. 5A) and suggests that the effect of AChR on the transport of rapsyn is highly specific and muscle-type AChRs are required for the transport of rapsyn from the Golgi complex to the plasma membrane.
The unexpected membrane distribution of rapsyn-CFP in sofa potato (Fig. 3 E, G ) may be caused by a different mechanism because AChR subunits in these larvae are retained in the ER and do not reach the plasma membrane. The change of rapsyn molecular structure by the addition of CFP may have affected its transport, or the membrane localization of rapsyn-CFP may result from the increased expression of rapsyn driven by the strong ␣-actin promoter. To test these two possibilities, we overexpressed rapsyn without a fused fluorescent moiety in the sofa potato background. The injected plasmid contained two genes: GFP, driven by the CMV promoter; and rapsyn, driven by the ␣-actin promoter. Muscle cells that overexpressed rapsyn, as evidenced by the coexpression of cytosolic GFP, displayed rapsyn protein on the plasma membrane (n ϭ 4; Fig. 6 ). This result shows that rapsyn, when overexpressed, can reach the plasma membrane without AChRs. 
AChRs do not require interaction with rapsyn for their transport
The interaction between AChRs and rapsyn molecules may also be necessary for the AChRs to exit the Golgi complex or ER. To test this potential reciprocity, we examined the rapsyn mutant, twitch once. Rapsyn is nonfunctional in twitch once larvae due to a G130E mutation in the fourth tetratricopeptide repeat (TPR) domain (Ono et al., 2002 ). While the high expression level of AChR␦-YFP in the cytoplasm obscured the distribution of YFP on the plasma membrane, staining with ␣-BTX of nonpermeabilized muscle cells clearly visualized AChRs on the plasma membrane of twitch once larvae (n ϭ 4; Fig. 7E-H ) . Though rapsyn protein in twitch once harbors a missense mutation G130E, the rapsyn antibody still recognizes the mutant rapsyn because its epitope is near the C terminus. Staining with the rapsyn antibody revealed that the G130E rapsyn was localized in the Golgi complex (n ϭ 3; Fig. 8, left) . Separate distributions of AChR and rapsyn, AChR on the plasma membrane and rapsyn in the Golgi complex, suggest that the interaction between them is lost due to the G130E mutation. The separate distribution was further confirmed with mAb35 antibody staining (n ϭ 3; Fig. 8, right) . Therefore, AChRs can reach the plasma membrane independent of interaction with rapsyn. Once on the plasma membrane, however, AChRs do require rapsyn for their synaptic localization because the synaptic localization of AChR was absent in the twitch once mutant (Fig. 7E-H ) . Rapsyn therefore plays a role in synapse formation only after AChRs reach the plasma membrane (Fig. 9) .
Discussion
In this study, we used transgenic/mutant zebrafish and revealed the mechanism of AChR/rapsyn transport from the Golgi complex to the plasma membrane. Rapsyn has been proposed to interact with various proteins at the NMJ (Apel et al., 1995; Antolik et al., 2006 Antolik et al., , 2007 Chen et al., 2007; Zhang et al., 2007; Borges et al., 2008; Luo et al., 2008) , and it is well established that rapsyn is critical for the high-density accumulation of AChRs at nerve terminals. Biochemical analyses have shown that AChRs and rapsyn are colocalized within distal exocytic routes and sorting/targeting are mediated by the lipid raft microdomain (Marchand et al., 2000 (Marchand et al., , 2002 . In torpedo electrocytes and COS-7 cells, rapsyn and AChRs were found in the same post-Golgi vesicles and cotransported to the plasma membrane. This implies that the interaction of AChR and rapsyn may start early in the transport process and their interaction may play an essential role. We show here that rapsyn molecules require AChRs to exit the Golgi complex, demonstrating for the first time that this molecular interaction is required for proper trafficking to the plasma membrane. We further show that the requirement is not reciprocal, i.e., rapsyn ex- erts its effect on AChR only after the post-Golgi vesicle fuses with the plasma membrane.
It has been generally considered that rapsyn first forms selfclusters and that receptor clustering happens subsequently through its binding to rapsyn (Ramarao and Cohen, 1998) . This hypothesis was mainly based on comparison of fibroblasts transfected with AChR, rapsyn, or both (Phillips et al., 1991a) . Despite some studies suggesting earlier interaction of rapsyn and AChR in the transport pathway (Marchand et al., 2000 (Marchand et al., , 2002 , this schema has been widely accepted. In zebrafish, we also reported previously that the expression of rapsyn-GFP in sofa potato, which was the only method to visualize rapsyn in zebrafish due to the lack of a good rapsyn-specific antibody, led to extrasynaptic clusters, some of which were on the plasma membrane (Ono et al., 2001 (Ono et al., , 2004 . Based on this finding and the conventional model of rapsyn self-clusters on the plasma membrane, we proposed that AChRs direct rapsyn clusters to the synapse. We now show that the membranous distribution of rapsyn in the absence of AChRs occurs through its overexpression (Fig. 6) . In light of current findings, we still propose that AChRs localize rapsyn to the synapse. However, they do so by allowing rapsyn to exit the Golgi complex, rather than by directing rapsyn self-clusters.
Rapsyn is a cytoplasmic protein whose linkage to the plasma membrane is mediated by myristoylation at the N terminus (Phillips et al., 1991b) . It contains several protein motifs: TPR domains, a coiled-coil domain, and a RING-H2 domain (Ramarao and Cohen, 1998) . Mutagenesis studies suggested that the TPR domains mediate self-clustering while the coiled-coil domain causes the clustering of AChR by binding to its cytoplasmic loop (Ramarao et al., 2001; Borges et al., 2008) . This view, based mainly on heterologous cell systems, may require reevaluation in view of our current data and other studies (Ohno et al., 2002) . In the absence of AChRs, we did not obtain evidence that rapsyn formed self-clusters except that they localize to the Golgi complex and are represented as intracellular puncta (Figs. 3, 4) . When rapsyn molecules reach the plasma membrane by overexpression, however, they can form self-clusters. The distribution of rapsyn-GFP in sofa potato exhibited clusters (Ono et al., 2001) though rapsyn-CFP seemed more diffuse on the plasma membrane (Fig. 3 E, G) . This difference may result from the expression levels of the transgene or the protein structure by addition of different fluorescent molecules. In either case, it is questionable whether these self-clusters represent the intrinsic nature of rapsyn. It is also possible that some of the extrasynaptic rapsyn clusters observed in previous studies, from our group as well as others (Ono et al., 2001 (Ono et al., , 2004 , may have been in the Golgi complex rather than on the plasma membrane. Also, the distinct distributions of AChR and G130E rapsyn suggest that the interaction between rapsyn and AChRs was lost due to a mutation in the fourth TPR. The loss of interaction between rapsyn and AChR was also reported in rapsyn mutations of human population, where rapsyn missense mutations identified in congenital myasthenic families in TPR1, 3, and 5 led to reduced coclustering of rapsyn and AChR in cell culture systems (Ohno et al., 2002) . The global structure of rapsyn may be changed due to these mutations, and rapsyn functions may not be as modular as initially considered.
It is intriguing that the distribution of rapsyn is strongly affected by its expression level. In sofa potato, wild-type rapsyn exits the Golgi complex only when it is overexpressed (Fig. 6) . Conversely, G130E rapsyn in twitch once does not exit the Golgi complex (Fig. 8) , but with overexpression it can reach the plasma membrane and make small, nonsynaptic clusters (Ono et al., 2002) . When proteins are overexpressed in general, interactions with other molecules can be affected, complicating the interpretation of results. Rapsyn changes its distribution dramatically depending on its expression level. We are not aware of another protein whose overexpression alone enables its transport from the Golgi complex to the plasma membrane. Unless its expression level is strictly controlled, such as in a knock-in system, the interpretation of rapsyn mutagenesis studies will be difficult. Different levels of rapsyn expression may partially explain inconsistent findings in the literature. Certain molecules are known to localize to the Golgi complex, such as enzymes whose functions are related to the glycosylation, which takes place in the Golgi complex. Golgi retention signals of the enzymes, GlcNAcTI, GalT, or ST, have been studied extensively and assigned to transmembrane regions (Colley, 1997; Opat et al., 2001) . However the transmembrane regions do not share high homologies, and the retention mechanism is not clear. Two hypotheses were based on studies of such glycosyltransferases. The first is that transmembrane sequences of certain membrane proteins are too short to enter cholesterol-rich transport vesicles, and a second proposes that oligomerization of proteins make them incompatible with transport vesicles. Results in this paper may be compatible with the latter hypothesis, since rapsyn does not have a transmembrane region. When rapsyn exits the Golgi complex, factor(s) rendering rapsyn oligomers incompatible with the transport vesicle may either be competitively inhibited by AChRs or titrated out by the increased amount of rapsyn.
The process of transport from the Golgi complex to the plasma membrane revealed in this study begs further questions, in particular with regard to other synaptic molecules. MuSK is located at the prospective synapse of a myocyte, interacts with dok-7, and plays an essential role in the formation of AChR/ rapsyn preclusters (Lin et al., 2001; Yang et al., 2001) . Without MuSK, clusters of rapsyn and/or AChR do not form at the synapse (DeChiara et al., 1996) . Hence, MuSK or dok-7 may affect the transport of rapsyn/AChRs from the Golgi complex to the plasma membrane. Alternatively, MuSK/dok-7 may function in the processing only after AChR/rapsyn reaches the plasma membrane. Several elegant in vivo studies examined the dynamics of rapsyn/AChRs on the plasma membrane Akaaboune, 2007, 2010) . However, it will be very useful to examine their interactions before they reach the plasma membrane. Further studies on the rapsyn/AChR transport will lead to a better understanding of synapse formation.
